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DETAILED ACTION 

Specification 

1 . In view of the amendment filed 09/03/2005, the examiner withdraws all previous 
objections to the specification. 

Claim Rejections - 35 USC §112 

2. In view of the amendment filed 09/03/2005, the examiner withdraws all previous 
35 USC § 112 rejections. 

Response to Arguments 

3. Applicant's arguments with respect to claims 1-19 and 36-102 have been 
considered but are moot in view of the new ground(s) of rejection. 

Claim Rejections « 35 USC § 103 

The following is a quotation of 35 U.S.C. 103(a) which forms the basis for all 
obviousness rejections set forth in this Office action: 

(a) A patent may not be obtained though the invention is not identically disclosed or described as set 
forth in section 102 of this title, if the differences between the subject matter sought to be patented and 
the prior art are such that the subject matter as a whole would have been obvious at the time the 
invention was made to a person having ordinary skill in the art to which said subject matter pertains. 
Patentability shall not be negatived by the manner in which the invention was made. 

The factual inquiries set forth in Graham v. John Deere Co., 383 U.S. 1, 148 

USPQ 459 (1966), that are applied for establishing a background for determining 

obviousness under 35 U.S.C. 103(a) are summarized as follows: 
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1 . Determining the scope and contents of the prior art. 

2. Ascertaining the differences between the prior art and the claims at issue. 

3. Resolving the level of ordinary skill in the pertinent art. 

4. Considering objective evidence present in the application indicating 
obviousness or nonobviousness. 

4. Claims 1, 2, 6-12, 15-17, 19, 36-38, 42-47, 50-52, 61-63, 67-71, 74-76, 85-90, 

93, 94, 97, 98, 101 and 102 are rejected under 35 U.S.C. 103(a) as being unpatentable 

over Viterbi; Andrew J. et al. (US 5933462 A, hereafter referred to as Viterbi) in view of 

Thomson Leighton (F. Thomson Leighton, Introduction to Parallel Algorithms and 

Architectures: Arrays-Trees-Hypercubes, Morgan Kaufmann Publishers, Inc., 1992, 

pages 1-3, 36-45, 238 and 239). 

35 U.S.C. 103(a) rejection of claims 1, 8, 9, 12, 16, 17, 36, 37, 44-47, 51, 52, 61-62, 69- 
71, 75, 76, 85-90, 93, 94, 97, 98, 101 and 102. 

Viterbi teaches demodulating the received encoded signal to produce soft information 
(See Figure 1 and 3 in Viterbi); and iteratively processing the soft information with one 
or more soft-in/soft-output SISO modules (Figure 4 in Viterbi is a decoder having a 
feedback loop for iteratively processing soft information according to the iterative 
algorithm of Figure 7 in Viterbi; col. 3, lines 66-67 and col. 4, lines 66-67 in Viterbi teach 
clearly suggest the intent to replace to replace the MAP decoders typically used in a 
turbo decoder with SOVA decoders; Note: a SOVA decoder is inherently a decoder 
accepting soft inputs to perform Viterbi's algorithm to produce soft outputs; hence a 
SOVA decoder is also a SISO decoder : the Examiner suggests the Hagenauer treatise 
included in the Examiner's PTO-892 for teachings on SOVA decoders), at least one 
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SISO module using a tree structure arranged to perform prefix and suffix operations to 
compute forward and backward state metrics (the Forward Viterbi Decoder 24 in Figure 
4 of Viterbi teaches a first SISO module using the Trellis tree structure of Figure 5 to 
perform prefix operations to compute forward state metrics Ik(s) in Equation 5 in col. 6 of 
Viterbi and the Backward Viterbi Decoder 24 in Figure 4 of Viterbi teaches a second 
SISO module using the Trellis tree structure of Figure 5 to perform suffix operations to 
compute backward state metrics d k -i(s') in Equation 6 in col. 6 of Viterbi; Note: the 

Applicant defines prefix operations recursively as z 0 =yo and Zj= yo® ...<8> yi, it is easy to 

see that Equation 5 in col. 6 of Viterbi is a prefix operation by letting z 0 =yo=Io, k=i and Zj 
=Ij(s)yj(s',s) when ® is multiplication, likewise equation 6 of Viterbi satisfies suffix 

operations if the suffix operations are defined as on page 21 of the Applicant's 
disclosure). 

In addition Viterbi teaches receiving an input signal corresponding to one or more 
outputs of a finite state machine (A convolutional encoder is inherently an FSM hence 
the received input signal corresponds to one or more outputs of a finite state machine: 
Note: a Trellis is also an FSM for the convolutional code). 

Viterbi teaches receiving an input signal corresponding to output from one or more block 
encoding modules (col. 7, lines 40-44 in Viterbi teach one or more block encoding 
modules; Note: turbo encoders and SCIC codes are comprised of one or more block 
encoding modules). Note: one of ordinary skill in the art at the time the invention was 
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made would have recognized that the algorithm in Viterbi is a computationally intensive 
algorithm. 

However Viterbi does not explicitly teach the specific use of parallel prefix and suffix 
operations [Emphasis Added]. 

Thomson Leighton, in an analogous art, teaches use of parallel prefix and suffix 
operations (Figure 1-21 on page 38 of Thomson Leighton teaches the use of parallel 
prefix computations for prefix operations or computations such as the forward prefix 
operations or computations taught in Viterbi; problem 1 .27 on page 239 of Thomson 
Leighton teaches the obvious extension of prefix operations to suffix operations). One 
of ordinary skill in the art at the time the invention was made would have been highly 
motivated to combine Viterbi with Thomson Leighton recognizing that the computations 
in Viterbi are computationally intensive and the parallel prefix and suffix computations in 
Thomson Leighton provide a parallel algorithm used for computationally intensive 
algorithms to speed processing up (see top line of page 2 in Thomson Leighton). 
Therefore, it would have been obvious to one of ordinary skill in the art at the time the 
invention was made to modify Viterbi with the teachings of Thomson Leighton by 
including use of parallel prefix and suffix operations. This modification would have 
been obvious to one of ordinary skill in the art, at the time the invention was made, 
because one of ordinary skill in the art would have recognized that use of parallel prefix 
and suffix operations would have provided a parallel algorithm used for computationally 
intensive algorithms to speed processing up (see top line of page 2 in Thomson 
Leighton). 
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35 U.S.C. 103(a) rejection of claims 2, 6, 7, 19, 38, 42, 43, 63, 67 and 68. 
Page 6, line 5 of the Applicant's specification marginalization-combining operations-as 
is any pair of operations that satisfy the commutative semi-ring properties. 
Multiplication and addition over field elements used in the calculation of forward state 
metrics Ik(s) in Equation 5 in col. 6 of Viterbi backward state metrics Sk-i(s') in Equation 
6 in col. 6 of Viterbi are marginalization-combining operations since the Multiplication 
and addition are over a field and any field is a semi-ring. 

35 U.S.C. 103(a) rejection of claims 10. 

Note: claim 10 is an intended use claim. The Examiner asserts that the decoding 
devices in Viterbi are communication devices; hence using the decoding devices taught 
in Viterbi is an obvious embodiment of the teachings in Viterbi since that is what the 
decoder is designed for and do not require any structural changes in the decoder taught 
in the Viterbi patent. See Ex parte Masham, 2 USPQ2d 1647 (1987). 

35 U.S.C. 103(a) rejection of claims 11. 
See blocks 74 and 78 in Figure 7 of Viterbi. 

35 U.S.C. 103(a) rejection of claims 15, 50, 59 and 74. 

Note: a Brent-Kung tree is a specific obvious embodiment of a Trellis tree structure. 
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5. Claims 3-5, 13, 14, 18, 39-41, 48, 49, 53-60, 64-66, 72, 73, 77-84, 91, 92, 95, 96, 
99 and 100 are rejected under 35 U.S.C. 103(a) as being unpatentable over Viterbi; 
Andrew J. et al. (US 5933462 A, hereafter referred to as Viterbi) and Thomson Leighton 
(F. Thomson Leighton, Introduction to Parallel Algorithms and Architectures: Arrays- 
Trees-Hypercubes, Morgan Kaufmann Publishers, Inc., 1992, pages 1-3, 36-45, 238 
and 239) in view of Benedetto et al. (S. Benedetto, D. Divsalar, G. Montorsi, and F. 
Pollara, Soft-Output Decoding Algorithms in Iterative Decoding of Turbo Codes, TDA 
progress Report 42-124, Feb. 15, 1996). 

35 U.S.C. 103(a) rejection of claims 3, 4, 39, 40, 64 and 65. 

Viterbi and Thomson Leighton, substantially teaches the claimed invention described in 
claims 1,2, 6-12, 15-17, 19, 36-38, 42-47, 50-52, 61-63, 67-71, 74-76, 85-90, 93, 94, 
97, 98, 101 and 102 (as rejected above). 

However Viterbi and Thomson Leighton, does not explicitly teach the specific use of 
Min-sum operations. 

Pages 72-73 of Benedetto, in an analogous art, teach max-sum operations. The 
Examiner asserts that since 1/x is a minimum if x is a maximum so that use of min-sum 
operations is an obvious embodiment of the teachings in Benedetto, since the 
operations are inherently equivalent. 

Therefore, it would have been obvious to one of ordinary skill in the art at the time the 
invention was made to modify the teachings Viterbi and Thomson Leighton with those 
of Benedetto by including use of Min-sum operations. This modification would have 
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been obvious to one of ordinary skill in the art, at the time the invention was made, 
because one of ordinary skill in the art would have recognized that use of Min-sum 
operations would have provided the opportunity to to reduce the complexity for 
computing forward and backward metrics since multiplication and addition operations 
are exchanged for maximum and addition operations (see top of page 73 in Benedetto). 

35 U.S.C. 103(a) rejection of claims 5, 41 and 66. 
See equation 21 on page 72 of Benedetto. 

35 U.S.C. 1 03(a) rejection of claims 1 3, 48 and 72. 

Figure 6 on page 79 of Benedetto teaches using soft output of a first SISO as soft input 
to another SISO. 

35 U.S.C. 103(a) rejection of claims 14, 49 and 73. 

The max-sum operations at the top of page 73 in Benedetto for backward and forward 
metrics are recursive with a latency of 0(log 2 N). 

35 U.S.C. 103(a) rejection of claims 18, 53 and 77. 

The log-BCJR algorithm taught in Benedetto starting on page 71 is a sliding-window 
algorithm implemented by tiling an observation interval into subintervals called windows; 
and applying a minimum half-window SISO operation on each subinterval of the 
window. 
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35 U.S.C. 103(a) rejection of claim 54, 55, 57, 60, 78, 79, 81, 84, 91, 92, 95, 96, 99 and 
100. 

Viterbi teaches demodulating the received encoded signal to produce soft information 
(See Figure 1 and 3 in Viterbi); and iteratively processing the soft information with one 
or more soft-in/soft-output SISO modules (Figure 4 in Viterbi is a decoder having a 
feedback loop for iteratively processing soft information according to the iterative 
algorithm of Figure 7 in Viterbi; col. 3, lines 66-67 and col. 4, lines 66-67 in Viterbi teach 
clearly suggest the intent to replace to replace the MAP decoders typically used in a 
turbo decoder with SOVA decoders; Note: a SOVA decoder is inherently a decoder 
accepting soft inputs to perform Viterbi's algorithm to produce soft outputs; hence a 
SOVA decoder is also a SISO decoder : the Examiner suggests the Hagenauer treatise 
included in the Examiner's PTO-892 for teachings on SOVA decoders), at least one 
SISO module using a tree structure arranged to perform parallel prefix and suffix 
operations to compute forward and backward state metrics (the Forward Viterbi 
Decoder 24 in Figure 4 of Viterbi teaches a first SISO module using the Trellis tree 
structure of Figure 5 to perform parallel prefix operations to compute forward state 
metrics I k (s) in Equation 5 in col. 6 of Viterbi and the Backward Viterbi Decoder 24 in 
Figure 4 of Viterbi teaches a second SISO module using the Trellis tree structure of 
Figure 5 to perform parallel suffix operations to compute backward state metrics S k -i(s') 
in Equation 6 in col. 6 of Viterbi; Note: the Applicant defines prefix operations 

recursively as Zo=yo and Zj= yo® ...<8> yu it is easy to see that Equation 5 in col. 6 of 
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Viterbi is a prefix operation by letting z 0 =yo= : Io, k=i and Zj =Ii(s)y i (s , ,s) when ® is 

multiplication, likewise equation 6 of Viterbi satisfies suffix operations if the suffix 
operations are defined as on page 21 of the Applicant's disclosure). 
In addition Viterbi teaches receiving an input signal corresponding to one or more 
outputs of a finite state machine (A convolutional encoder is inherently an FSM hence 
the received input signal corresponds to one or more outputs of a finite state machine: 
Note: a Trellis is also an FSM for the convolutional code). 

Viterbi teaches receiving an input signal corresponding to output from one or more block 
encoding modules (col. 7, lines 40-44 in Viterbi teach one or more block encoding 
modules; Note: turbo encoders and SCIC codes are comprised of one or more block 
encoding modules). Note: one of ordinary skill in the art at the time the invention was 
made would have recognized that the algorithm in Viterbi is a computationally intensive 
algorithm. 

However Viterbi does not explicitly teach the specific use of parallel prefix and suffix 
operations [Emphasis Added]. 

Thomson Leighton, in an analogous art, teaches use of parallel prefix and suffix 
operations (Figure 1-21 on page 38 of Thomson Leighton teaches the use of parallel 
prefix computations for prefix operations or computations such as the forward prefix 
operations or computations taught in Viterbi; problem 1 .27 on page 239 of Thomson 
Leighton teaches the obvious extension of prefix operations to suffix operations). One 
of ordinary skill in the art at the time the invention was made would have been highly 
motivated to combine Viterbi with Thomson Leighton recognizing that the computations 
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in Viterbi are computationally intensive and the parallel prefix and suffix computations in 
Thomson Leighton provide a parallel algorithm used for computationally intensive 
algorithms to speed processing up (see top line of page 2 in Thomson Leighton). 
Therefore, it would have been obvious to one of ordinary skill in the art at the time the 
invention was made to modify Viterbi with the teachings of Thomson Leighton by 
including use of parallel prefix and suffix operations. This modification would have 
been obvious to one of ordinary skill in the art, at the time the invention was made, 
because one of ordinary skill in the art would have recognized that use of parallel prefix 
and suffix operations would have provided a parallel algorithm used for computationally 
intensive algorithms to speed processing up (see top line of page 2 in Thomson 
Leighton). 

However Viterbi and Thomson Leighton does not explicitly teach the specific use of a 
demodulator adapted to receive as input a signal encoded by a finite state machine 
(FSM) and to produce soft information relating to the received signal. 
Benedetto, in an analogous art, teaches the Soft Demodulator of Figure 2 on page 66 of 
Benedetto receives an encoded signal and demodulates the received encoded signal to 
produce soft information; Note: convolutional or the turbo code taught in the Benedetto 
paper is produced using sequential logic, i.e., an FSM. 

Therefore, it would have been obvious to one of ordinary skill in the art at the time the 
invention was made to modify Viterbi and Thomson Leighton with the teachings of 
Benedetto by including use of a demodulator adapted to receive as input a signal 
encoded by a finite state machine (FSM) and to produce soft information relating to the 
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received signal. This modification would have been obvious to one of ordinary skill in 
the art, at the time the invention was made, because one of ordinary skill in the art 
would have recognized that use of a demodulator adapted to receive as input a signal 
encoded by a finite state machine (FSM) and to produce soft information relating to the 
received signal would have provided the opportunity to provide required soft information 
to the soft decoders in the Viterbi patent (Note: a SOVA decoder is inherently a decoder 
accepting soft inputs to perform Viterbi's algorithm to produce soft outputs; hence a 
SOVA decoder is also a SISO decoder : the Examiner suggest the Hagenauer treatise 
included in the Examiner's PTO-892 for teachings on SOVA decoders). 

35 U.S.C. 103(a) rejection of claims 56 and 80. 

Figure 6 on page 79 of Benedetto teaches using soft output of a first SISO as soft input 
to another SISO. 

35 U.S.C. 103(a) rejection of claims 58 and 82. 

The max-sum operations at the top of page 73 in Benedetto for backward and forward 
metrics are recursive with a latency of 0(log2 N). 

35 U.S.C. 102(e) rejection of claims 59 and 83. 

Note: a Brent-Kung tree is a specific obvious embodiment of a Trellis tree structure. 
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Conclusion 

Any inquiry concerning this communication or earlier communications from the 
examiner should be directed to Joseph D. Torres whose telephone number is (571 ) 
272-3829. The examiner can normally be reached on M-F 8-5. 
If attempts to reach the examiner by telephone are unsuccessful, the examiner's 
supervisor, Albert Decady can be reached on (571) 272-3819. The fax phone number 
for the organization where this application or proceeding is assigned is 571-273-8300. 
Information regarding the status of an application may be obtained from the Patent 
Application Information Retrieval (PAIR) system. Status information for published 
applications may be obtained from either Private PAIR or Public PAIR. Status 
information for unpublished applications is available through Private PAIR only. For 
more information about the PAIR system, see http://pair-direct.uspto.gov. Should you 
have questions on access to the Private PAIR system, contact the Electronic Business 
Center (EBC) at 866-217-9197 (toll-free). 



Joseph D. Torres, PhD 
Primary Examiner 
Art Unit 2133 




